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Previewsbecause IgG1 PC responses were also
greatly elevated when mice received
Fas-deficient SWHEL B cells. Overall,
these findings of Butt et al. (2015) draw
further attention to the idea that excessive
IgE might be produced in autoimmune
disorders in addition to allergic diseases.
The potential contribution of IgE autoanti-
bodies to autoimmune disease pathogen-
esis, as recently observed in a mouse
model of lupus (Dema et al., 2014), merits
further study.
Overall, the Butt et al. (2015) paper
highlights the critical role of Fas in late
stages of B cell selection and differentia-
tion. The authors have proposed that in
the absence of Fas, a small subset
of ‘‘rogue’’ GC B cells escape normal
regulatory constraints leading to theaccumulation of aberrant populations of
PCs, including IgE PCs. However, the
mechanistic basis by which Fas defi-
ciency leads to these outcomes remains
largely unknown.REFERENCES
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IRF4-dependent DCs have been associated with induction of both Th1 and Th17 cells. In this issue of Immu-
nity, Tussiwand et al. (2015) demonstrate that a dependence on KLF4 identifies a subset of IRF4-dependent
DC that preferentially promotes Th2 cell differentiation.Dendritic cells (DCs) are a diverse group
of phagocytic cells that are distributed
throughout the body and whose primary
function relates to the capture and presen-
tation of antigen to naive T cells (Heath and
Carbone, 2009). DCs can be divided into
those that primarily reside in lymphoid tis-
sues (resident DCs) and so-called migra-
tory DCs that reach lymphoid organs
upon immigration from peripheral tissues
via the lymphatics. In addition to this
differential distribution pattern, DCs are
also characterized by an intriguing func-
tional heterogeneity. DCs expressing
the chemokine receptor XCR1 have supe-
rior abilities to stimulate CD8+ T cell re-
sponses and depend on the transcription
factors IRF8, BATF3, ID2, and NFIL3.
Another major subset of DCs expresseshigh levels of CD11b, is functionally
biased toward the activation of major
histocompatibility complex class II mole-
cule (MHC-II)-restricted CD4+ T cell
responses, and has transcriptional re-
quirements for IRF4. Notably, this cohort
of CD11bhi DCs appears to be consider-
ably more heterogeneous relative to the
XCR1+ lineage with varying dependence
on the transcription factors RELB and
TRAF6 and diverse expression patterns
of surface molecules that include SIRPa,
CD24, CD4, CD205, or CD103. The poten-
tial diversity within the CD11bhi population
of DCs is further highlighted by differing
effects on the induction of CD4+ T cell
responses. Some reports have linked
IRF4-dependent DCs to a heightened pro-
pensity to induce a T helper 17 (Th17) celldifferentiation program in CD4+ T cells
(Persson et al., 2013; Schlitzer et al.,
2013), whereas other studies suggest that
IRF4-dependent DCs preferentially imprint
CD4+ T cells with a Th2 cell phenotype
(Gao et al., 2013; Kumamoto et al., 2013).
To shed light on the potential diversity
within the CD11bhi population of DCs,
Tussiwand et al. analyzed expression
of transcription factors and noted that
CD11bhi DCs preferentially expressed
both IRF4 and Kru¨ppel-like factor 4
(KLF4) (Tussiwand et al., 2015). This tran-
scription factor is required for the differ-
entiation of keratinocytes, smooth muscle
cells, and endothelial cells and has previ-
ously been associated with monocyte
development and the presence of
CD11bhi DC. To resolve whether KLF442, May 19, 2015 ª2015 Elsevier Inc. 785
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Previewsplayed a functional role in the develop-
ment and/or function of CD11bhi DCs,
the authors crossed the conditional
Klf4fl/fl allele onto an Itgax-cre back-
ground, which resulted in mice selectively
missing KLF4 in their DC compartment.
Notably, Itgax-cre 3 Klf4fl/fl mice had an
overall reduction of DCs in the spleen,
and this defect was largely accounted
for by the absence of SIRPahi CD24lo
DCs that correspond to CD11bhi DCs
(Heath and Carbone, 2009). A compara-
ble reduction was also seen across
various lymphoid and non-lymphoid tis-
sues, although there were some notable
differences in the expression patterns of
the missing DC subsets. Peripheral tis-
sues, such as lung, liver, and skin, largely
lacked SIRPahi CD24hi DCs, whereas
lymphoid organs had reduced numbers
of SIRPahi DCs that expressed low to
intermediate levels of CD24. To disen-
tangle which of the SIRPahi DCs found in
lymphoid tissues derived from the periph-
ery and which was lymph-node-resident,
the authors focused on skin-draining
lymph nodes because these contain a
mix of resident and migratory DCs. Skin-
draining lymph nodes from Itgax-cre 3
Klf4fl/fl mice contained normal fre-
quencies and numbers of Langerhans
cells and DCs of the XCR1 lineage that
are composed of both resident CD8+
CD24hi DCs and migratory CD103+
CD24hi DCs. Interestingly, the number
of resident CD11bhi CD24lo DCs (Henri
et al., 2010) was reduced and migratory
CD11blo CD24lo DCs were almost
completely absent from Itgax-cre 3
Klf4fl/fl mice. With overlapping expression
of surface molecules and other shared
functions between some DCs and mono-
cytes or macrophages, the authors
subsequently performed a series of care-
ful experiments to validate that these
CD11blo CD24lo cells indeed corre-
sponded to DCs that had migrated
from skin to the lymph node. CD11blo
CD24lo cells depended on the growth fac-
tor FMS-like tyrosine kinase 3 ligand, ex-
pressed the transcription factor ZBTB46,
and their presence was unaffected in
mice lacking the capacity to respond
to GM-CSF or those in which the KLF4
defect was restricted to macrophages
(Lyz2-cre 3 KLF4fl/fl mice). This clearly
identified the CD11blo CD24lo cells as
DCs. By applying a fluorescent dye to
the skin that labels DCs in situ, Tussiwand786 Immunity 42, May 19, 2015 ª2015 Elseviand colleagues also demonstrated that
CD11blo CD24lo DCs in the skin-draining
lymph node had originated in the skin
and that Itgax-cre 3 Klf4fl/fl mice had an
overall reduction of DCs that migrated
from the skin to the lymph node. Together
with bone marrow chimera experiments
showing that the absence of these migra-
tory CD11blo CD24lo DCs and the resident
CD11bhi DCs was due to cell-intrinsic
expression of KLF4, these findings
demonstrate that KLF4 is required for
the development of a subset of IRF4-
dependent DCs, suggesting that KLF4
expression further delineates the hetero-
geneous group of IRF4-dependent DCs.
To explore whether this separation of
IRF4-dependent DCs on the basis of
KLF4 dependence also related to their
function, the authors subjected Itgax-
cre 3 Klf4fl/fl mice to a range of immune
challenges. IRF4-dependent DCs have
recently been associated with the induc-
tion of Th17 cell responses and immune
protection from infections with Citro-
bacter rodentium (Satpathy et al., 2013).
However, because Itgax-cre 3 Klf4fl/fl
mice were as resistant to Citrobacter ro-
dentium infection as wild-type mice, the
authors concluded that KLF4-dependent
DCs were not required for the induction
of protective Th17 cell responses against
this infection. Conversely, when exam-
ining the role of KLF4-dependent DCs in
the context of Schistosoma mansoni in-
fections, immunizations with Schisto-
somamansoni eggs, or induction of house
dust mite-induced allergic lung inflamma-
tion, Itgax-cre 3 Klf4fl/fl mice were found
to be highly susceptible to the infection,
mounted poor Th2 cell responses against
the eggs, and were protected from pul-
monary eosinophil infiltration and inflam-
mation. These findings align with previous
studies reporting that IRF4-dependent
DCs were responsible for mounting
protective Th2 cell responses against
Nippostrongylus basiliensis (Gao et al.,
2013; Kumamoto et al., 2013). Combined
with results showing that cell-intrinsic
KLF4 expression by T cells was dispens-
able for this Th2 cell differentiation defect,
these experiments are consistent with
the view that KLF4-dependent DCs are
required for the induction of Th2 cell
immunity.
These findings argue in favor of further
delineating IRF4-dependent DCs into
two subsets of which only one is depen-er Inc.dent on KLF4. As revealed through phe-
notyping studies by Tussiwand et al., all
KLF4-dependent DCs expressed high
levels of SIRPa. However, the expres-
sion of other markers associated with
the IRF4-dependent lineage, such as
CD11b, CD301b, PDL2, and CX3CR1,
was more heterogeneous and seemed to
be related to the anatomic location of
the DCs rather than its requirement for
KLF4. In this context, it is important to
consider the recent demonstration that a
subset of CD11bhi DCs expresses high
levels of ESAM (Lewis et al., 2011), a
member of the tumor necrosis factor
superfamily associated with neutrophil
migration. Interestingly, ESAMhi DCs not
only depend on NOTCH 2 receptor
signaling, but their absence is also asso-
ciated with reduced interleukin-17 (IL-17)
responses by intestinal CD4+ T cells
(Lewis et al., 2011). Because KLF4-
dependent DCs fulfilled roles that oper-
ated independently of NOTCH 2 receptor
signaling (Tussiwand et al., 2015), it
seems likely that ESAMhi DCs might
represent the counterpart to KLF4-
dependent DCs within the larger group
of the IRF4-dependent DCs. More work
is required to delineate the relationship
between KLF4 and ESAM expression
and to determine the factors that govern
the overlapping expression of CD11b,
CD24, or CD103 between the two
subsets.
The transcription factor KLF4 not only
helps to further delineate the develop-
mental requirements of IRF4-dependent
DCs, but importantly, also plays an impor-
tant role in driving the differentiation
of CD4+ T cells into the Th2 and Th17
cell types. It is tempting to speculate
that ESAMlo DCs requiring KLF4 and
IRF4, but not NOTCH 2 receptor, fulfill
roles associated with driving Th2 cell
responses, whereas ESAMhi DCs that
depend on NOTCH 2 receptor and IRF4,
but not on KLF4, induce Th17 differentia-
tion programs (Figure 1). Whether these
roles pertain to the direct induction of
Th2 or Th17 cell differentiation through
cytokine provision to the CD4+ T cells, or
rather operate indirectly by enabling the
interaction of responding CD4+ T cells
with accessory cells, such as other
DC subsets, innate lymphoid cells, or
basophils (Kumamoto et al., 2013), re-
mains to be investigated. Given that
KLF4 expression is also missing from
AB
Figure 1. The Transcription Factor KLF4 Delineates IRF4-Dependent SIRPa+ DC into
Functionally Distinct Subsets
(A) IRF4 guides the development of SIRPa+ DCs from pre-DC. In contrast to the IRF8/BATF3/ID2/NFIL3-
dependent XCR1+ lineage of DCs, IRF4-dependent SIRPa+ DCs are a heterogeneous cohort of DCs. This
is indicated by varying expression levels of ESAM and other surface molecules and reports that IRF4-
dependent DCs can in somemodels induce Th2 responses, whereas in others they evoke Th17 immunity.
(B) Differential requirements for the transcription factor KLF4 and NOTCH2 receptor disentangle the
heterogeneous cohort of SIRPa+ DCs into subsets that are specialized in driving Th2 and Th17 CD4+
T cell responses, respectively. Surface expression of ESAM possibly serves as a marker for these func-
tionally different SIRPa+ DC subsets. How these distinct DC subsets achieve such functional specializa-
tion in driving CD4+ T cell differentiation and whether it depends, for example, on the preferential provision
of IL-6 and IL-23 by ESAMhi KLF4-independent SIRPa+ DCs remains to be elucidated.
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PreviewsKLF4-independent DC subsets in Itgax-
cre 3 Klf4fl/fl mice, some caution must
also be given to the possibility that KLF4
could contribute to Th2 immunity by regu-
lating expression of key cytokines that
drive Th2 cell differentiation in these
subsets. It will be intriguing to examine
where and when in the context of a devel-
oping immune response these seemingly
different DCs contribute to CD4+ T cell dif-
ferentiation. IRF4-dependent DCs have
been shown to drive proliferation of naive
CD4+ T cells without affecting their cyto-kine secretion profile, but displayed
excellent capacities to imprint Th2 cell-
associated signatures on previously acti-
vated CD4+ T cells (Gao et al., 2013). It
is therefore possible that KLF4-depen-
dent DCs play an important role in the tis-
sues, where theymight provide a ‘‘second
hit’’ to incoming CD4+ T cells that skews
their cytokine response toward the Th2
cell phenotype.
Taken together, the study by Tussi-
wand et al. indicates that the transcription
factor KLF4 delineates two functionallyImmunitydistinct lineages within the IRF4-depen-
dent cohort of DCs. This raises the
intriguing notion that distinct DC subsets
preferentially support alternative differen-
tiation programs of CD4+ T cells. Whether
the differentiation of CD4+ T cells into Th1
cells, follicular helper cells, or even regu-
latory T cells is similarly linked to distinct
DC subsets, and as such might require
further ‘‘crippling’’ of the previously
defined group of IRF4-dependent DCs,
will have to be determined by future
studies.REFERENCES
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